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Description 

[0001] This invention is in the general field of methods, reagents, and apparatus for authenticating or monitoring 
sample composition. 

5 [0002] Authenticating and monitoring products to discriminate between very similar complex mixtures is useful for 
various reasons. First, the use of counterfeit substances (e.g., misbranded material from a competitor or misformulated 
material from a licensee/franchisee) should be detected to preserve the integrity of a brand. 
[0003] Characteristics of a product can be used to identify its lot. Similar methods can be used in quality control tests. 
Also, product counterfeiting raises serious health and safety issues. In 1995, a counterfeit-labeled version of infant 

10 formula reportedly was distributed to 15 states in the continental United States. Counterfeit wine, spirits, perfume, 
infant formula, soft drinks, cosmetics, and pharmaceuticals are estimated to cost United States businesses 200 billion 
dollars per year ("The Boston Phoenix," Section One, December, 2, 1994). 

[0004] It is important to develop rapid, cost effective, and enforceable methods to identify fraudulent or tampered 
products. It is also important to determine manufacturing compliance using automated methods to decrease the amount 
15 of time spent identifying fraudulent products. It is desirable to minimize the time required from highly skilled researchers 
and technicians to conduct and record the results of on-line, off-line, and off-the-shelf product authenticity/compliance 
tests. 

[0005] There have been attempts to determine product (e.g., infant formula) authenticity by protein electrophoresis, 
which requires substantial time (and expense) for set up and analysis. In other industries, e.g. wine and spirits, Fourier- 
20 transform infrared analysis, gas chromatography, pH, raman spectroscopy and other analytical methods have been 
used or proposed for product authentication (Constant et al., Differentiation of Alcoholic Beverages FT-IR Spectra. An 
Original Multivariate Approach, ACS Abstract presented at 208th ACS National Meeting, August 25, 1 994, published 
in the Issue of Chemical and Engineering News, 10 1994). 

[0006] Biocode, Limited has used fluorescent labeled antibodies to determine ingredients in products. 
25 [0007] U.S. Patent 5,429,952 discloses adding light-emissive chemicals to a product for analysis, as exogenous 
product tags which do not ordinarily form part of the product. 

[0008] The use of standard analytical methods to monitor every lot or batch for a product or competitor product for 
authenticity or compliance with laboratory equipment can often be costly. 

30 Summary of the Invention 

[0009] We have discovered an automated method of developing a database to store information for "fingerprint"- 
type analysis of products (even as to product lot numbers and batch). The automated analysis is a method of evaluating 
and discriminating products, even within a narrow field or industry, competing and otherwise, e.g., to establish authen- 

35 ticity or point of origin of the product. The invention relates to a method for identifying analytes such as key ingredients 
and/or the relative amounts of analytes such as key ingredients in products. The method allows for authenticating and 
monitoring products for fraud and quality control using light emission. The invention also relates to light-emissive- 
compounds (e.g., including one or more light emissive compounds) which can be used to identify and quantitate the 
relative amounts of analytes in products. 

40 [0010] In one aspect, the invention features a method for determining relatedness of a sample to a standard known 
to be authentic or known to have at least one selected characteristic of authentic material. The method includes: a) 
providing a mixture of sample and least one light-emissive compound ("LEC"); (b) irradiating the sample mixture with 
an irradiating wavelength of light; (c) monitoring at least one emitted wavelength of light (generated in response to the 
irradiating) to establish a sample emission intensity; and (d) providing a standard fingerprint characteristic of a standard 

45 mixture; and (e) comparing the sample emission intensity with the standard fingerprint to determine whether the sample 
is authentic. The standard mixture includes the standard and the light-emissive compound. The standard fingerprint 
is generated by irradiating several of the standard mixture with the irradiating wavelength and monitoring the emitted 
wavelength in response thereto. 

[0011] In preferred embodiments, two and preferably three or more light-emissive compounds are employed, and a 
50 fingerprint profile of several light-emissive compounds is compared to the corresponding emission intensities for the 
sample. Most preferably, the light-emissive compounds emit light at nonoverlapping wave lengths, whereby multiple 
compounds can be added to the sample and/or standard at the same time. 

[0012] In preferred embodiments, the method further includes: providing a background control mixture which includes 
the light-emissive compound without the sample or the standard; irradiating the background control mixture with the 
55 irradiating wavelength and monitoring the emitted wavelength in response thereto, to establish background emission; 
and determining the emission intensity of the sample based on at least one difference between the emission of the 
control mixture and the emission of the sample mixture. It is preferred that the standard be a composition having a 
predetermined relative amount of a component characteristic of authentic material. The sample fingerprint is generated 
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based on a first change in emission, determined by comparing the background emission and the emission from the 
sample mixture. The standard fingerprint is generated based on a second change in emissions, determined by com- 
paring the background emission and the standard emission for each measurement. The comparing step includes com- 
paring the first change in emission to the background adjusted fingerprint, e.g., to quantify relative amounts of sample 
component. 

[0013] In another aspect of the invention, a method is provided for determining whether a product is authentic. A 
liquid sample of a test product is obtained and a light emissive compound then is added to the liquid sample to form 
a test sample. The light emissive compound interacts with an analyte of the product. The test sample is irradiated, and 
the intensity of light emitted from the test sample at a wavelength is determined. The intensity of light emitted from the 
test sample at this wavelength then is compared to the intensity of light emitted at the wavelength as a result of irradiating 
a mixture of the light emitting compound and an authentic liquid standard of the product, wherein similarity, of light 
emission intensity is determinative of authenticity of the sample and this similarity of light emission intensity is deter- 
minative of nonauthenticity of the sample. In one important embodiment, the intensity of light emitted from the test 
sample is compared to the intensity of light emitted from a plurality of the mixture, and wherein authenticity requires 
the intensity of light emitted from the test sample to be within a preselected confidence limit defining a range of intensity 
calculated from the intensity of light emitted from the plurality of said mixture. The plurality of said mixture is at least 
four standards containing a mixture of the light emitting compound and an authentic liquid standard of the product, and 
preferably is four such mixtures. 

[0014] In certain of the foregoing embodiments, the chemical composition of the product is unknown . In other of the 
embodiments, the chemical structure of the analyte to which the light emitting compound binds is unknown. In still 
other embodiments, the analyte is other than an exogenous product tag. In one particularly important embodiment, 
the product is a liquid consumable product. 

[0015] As mentioned above, a plurality of light emissive compounds can be used. In such embodiments, it is preferred 
that each light emitting compound binds to a different analyte of the product. Most preferably, the light emissive com- 
pounds is a fluorescent dye. 

[001 6] In other preferred embodiments, the light-emissive compound is added to the sample by an automated pipette. 
It is preferred that the sample mixture be dispensed by an automated pipette in a multiwell plate. 
[0017] In other preferred embodiments, the standard, the sample, or both, inherently include a fluorescent, phos- 
phorescent, or luminescent compound. In some products the compound is caffeine. 

[0018] In other preferred embodiments, the light-emissive compound is fluorescent, phosphorescent, or luminescent, 
and emission varies in response to quantity or quality of product analytes. Preferably, the light-emissive compound 
interacts with components of the sample, the standard, or both, to yield at least one fluorescent, phosphorescent, or 
luminescent component. 

[0019] In other preferred embodiments, the standard is a composition having a predetermined relative amount of an 
analyte characteristic of authentic material, and the comparing step includes quantifying the relative amounts of the 
analyte in the sample. 

[0020] In preferred embodiments, the method includes performing steps (b)-(c) described above, at least two times 
and preferably three times. Steps (b)-(c) may be performed using the same or different light-emissive compounds, and 
the same or different irradiating and emission wavelengths are monitored in each performed step. 
[0021] In one important embodiment, the standard is a caffeine-containing beverage, and the light-emissive com- 
pound is: a) 5-(2-carbohydrazinomethylthioacetyl)aminofluorescein; b) 5-(4,6-dichlorotriazinyl)aminofluorescein; c) 
Fluo-3 pentaammonium salt (Minta et al., J. Biol. Chem. 264:81 71 , 1 989 and U.S. Patent No. 5,049,673); d) 4-aminoflu- 
orescein; e) 5-aminofluorescein; f) sulfite blue coumarin; g) courmarin diacid cryptand (CD222) (Costlei et al., J. of 
Chem. Society Perkins translation 2, p. 1615); or h) Eosin Y. 

[0022] In another important embodiment, the standard is an infant formula, and the light-emissive compound is se- 
lected from the group consisting of 5-(2-carbohydrazinomethylthioacetyl) aminofluorescein, 5-(4,6-dichlorotriazinyl) 
aminofluorescein, Fluo-3 pentaammonium salt, or Courmarin benzothiazole, tetrapotassium salt (BTC5N) (Cell Calci- 
um, p. 190, 1994). in other preferred embodiments, the standard contains com syrup, and the light-emissive compound 
is selected from the group consisting of 5-(2-carbohydrazinomethylthioacetyl) aminofluorescein, 5-(4,6-dichlorotriazi- 
nyl)aminofluorescein, Fluo-3 pentaammonium salt, 4-aminofluorescein, 5-aminofluorescein, sulfite blue coumarin, 
courmarin diacid cryptand (CD222), or Eosin Y. In other preferred embodiments, the standard is an ethanol-containing 
beverage and the light-emissive compound is selected from the group consisting of 5-(2-carbohydrazinomethylthio- 
acetyl)aminofluorescein, 5-(4,6-dichlorotriazinyl)aminofluorescein, Fluo-3 pentaammonium salt, proflavine hemisul- 
fate, tetra(tetramethylammonium) salt, acridine orange hydrochloride hydrate, BTC-5N, acrrflavine, 4-aminofluores- 
cein, or 5-aminofluorescein. Compound 11 is sulfite blue coumarin. compound 12 is courmarin diacid cryptand (CD222). 
Compound 13 is Eosin Y. In other preferred embodiments, the standard is an aqueous mixture, and the light-emissive 
compound is a compound that interacts or reacts with heavy metals, the light-emissive compound being selected from 
the group consisting of Fluo-3 pentaammonium salt, or BTC-5N. 
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[0023] In another aspect, the invention features a method for determining relatedness of a first sample to a second 
sample, neither of which is a known standard. The method includes: (a) providing a first sample mixture including the 
first sample and at least one light-emissive compound; (b) irradiating a plurality of the first sample mixture with an 
irradiating wavelength of light; (c) monitoring at least one emitted wavelength of light generated in response to the 

5 irradiating, to establish a first sample fingerprint characteristic of the first sample mixture; (d) providing a second sample 
fingerprint characteristic of a second sample mixture, the second sample mixture including the second sample and the 
light-emissive compound; the second sample fingerprint being generated by irradiating a plurality of the second sample 
mixture with the irradiating wavelength and monitoring the emitted wavelength in response thereto; and (e) comparing 
the first sample fingerprint with the second sample fingerprint to determine relatedness of the two samples. 

10 [0024] In preferred embodiments, the first sample is identified as a specific product or as part of a homogeneous lot 
of a product by comparing the emission profile of the first sample to a library of fingerprints of samples whose product 
composition or lot number are known. 

[0025] In other preferred embodiments, the method further includes providing one or more additional fingerprints to 
generate a fingerprint profile for each of at least two additional light emissive compounds and comparing the first sample 
is mixture fingerprint profile to the second sample or standard fingerprint profile. 

[0026] In preferred embodiments, the method is used to determine product authenticity, product tampering or product 
manufacturing compliance. In other preferred embodiments; the sample is a perfume, fragrance, flavor, food, or bev- 
erage product. 

[0027] In another aspect of the invention, a method is provided for selecting a dye for determining authenticity of a 
20 product. A candidate dye is added to a plurality of candidate dilutions of a liquid sample of an authentic standard of 
the product, the candidate dye being light emissive at a particular wavelength when irradiated if it interacts with an 
analyte in the liquid sample. A test dilution then is selected at which the candidate dye emits light at a selected intensity 
when said candidate dye is added to said liquid sample at the test dilution. A range of intensity of light emission at 
discrete wavelengths is determined for a plurality of mixtures of said candidate dye and said liquid sample at said test 
25 dilution. An experimental intensity of light emission at the discrete wavelengths is then determined for a mixture of said 
candidate dye and a liquid sample of nonauthentic product at said test dilution. Finally, the experimental intensity at 
the discrete wavelengths is compared to the range of intensity of light emission at the discrete wavelengths, said dye 
being selected as useful for determining authenticity of said product if said experimental intensity falls outside of said 
range of light emission at the discrete wavelengths. In one embodiment, the candidate dye is a plurality of candidate 
30 dyes, each of the dyes emitting light at different wavelengths, and wherein the analyte is a plurality of analytes, each 
dye binding to a different of said plurality of the plurality of analytes. In an important embodiment, the chemical com- 
position of the product is unknown and/or the chemical structure of the analyte is unknown. In other important embod- 
iments, the product is a liquid consumable product. 

[0028] In another aspect of the invention, a computer implemented method for determining authenticity of a liquid 
35 product is provided. The method involves receiving light emission data produced by adding a component to a test 
sample of the liquid product and measuring light emission therefrom. It also involves receiving light emission data 
produced by measuring light emission from a sample of a mixture of an authentic liquid product and the component. 
There then is a comparison of the intensity of light emission from the test sample to intensity. of light emission from 
samples of the plurality of the mixtures, wherein authenticity requires the intensity of light emission from the test sample 
to to be within a preselected confidence limit defining a range of intensity at discrete wavelengths calculated from the 
intensity of light emission at the discrete wavelengths from the plurality of the mixtures. 

[0029] In one important embodiment, a computer database is used for storing and making available information 
about light emission of an authentic product. The database includes a computer-readable medium having a computer- 
readable logic stored thereon, wherein the computer- readable logic comprises a plurality of records for the authentic 

45 product indicating measurements of intensity of light emitted by samples of a plurality of mixtures of the authentic 
product with a component. The database also includes an indication of the component, wherein the records are ac- 
cessible using an indication of the component and/or the authentic product wherein the step of receiving light emission 
data for the authentic product includes the step of accessing the computer-readable medium using an indication of the 
component and/or the product to retrieve the records. 

50 [0030] In another aspect of the invention, a computer database for storing and making available information about 
light emission of an authentic product is provided. The database included a computer-readable medium having com- 
puter-readable logics stored thereon, wherein the computer-readable logic comprises a plurality of records for the 
authentic product indicating measurements of intensity of light emitted by samples of a plurality of mixtures of the 
authentic product with a component, and an indication of the component. Also included are means for accessing the 

55 computer-readable medium using an indication of the component and/or the authentic product to retrieve the records. 
[0031] It is a feature also of the present invention that, when adding a light-emitting compound to a sample in ac- 
cordance with the methods described herein, the sample can be separate from the. standard. This differs from the 
situation where product tags are used, in that product tags are added to an authentic product to form a tagged mixture 
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wherein the addition of the tag to the sample is not separate from the addition of the tag to the standard. 
[0032] Light-emissive compounds are involved in light emission in response to irradiation with light of a different 
wavelength. Light emission of interest can be a result of phosphorescence, chemiluminescence, or, more preferably, 
fluorescence or polarized fluorescence. Specifically, the term "light emissive compounds," as used herein, means com- 
s pounds that have one or more of the following properties: 1 ) they are a fluorescent, phosphorescent, or luminescent; 
2) interact with components of the sample or the standard or both to yield at least one fluorescent, phosphorescent, 
or luminescent compound; or 3) interact with at least one fluorescent, phosphorescent, or luminescent compound in 
the sample, the standard, or both to alter emission at the emission wavelength. 

[0033] "Fingerprint" refers to the data set of, light emission intensity from a light-emissive compound in combination 
10 with a liquid sample of a product measured at least three times, three such combinations measured at least once, or 
both. Accordingly, each product can have a particular fingerprint. A "fingerprint profile" is an assembly of fingerprints 
of a liquid sample of a product in combination with a series (or profile) of different light-emissive compounds. 
[0034] The term "analyte", as used herein, means a key ingredient or trace compound of the product. A native analyte 
is one which is ordinarily found in the unadulterated product, not added as an exogenous product tag. The invention 
is relies upon interaction of light emissive compounds with such analytes, whereby alterations in a product can be de- 
tected, including (1) dilution of an analyte, (2) substitution of an ingredient for an analyte, (3) addition of a compound 
which alters interaction of the light emissive compound with an analyte and (4) addition of a compound which quenches 
light emission resulting from interaction of a light emissive compound with an analyte. Most frequently the alteration 
detected is in the amount of analyte bound to the light emissive compound, which is reflected by the intensity of light 
20 emitted when a sample is irradiated. 

[0035] By "interacts with", as used herein, it is meant reacting, intercalating, binding or any other interaction which 
causes the dye to alter its light emission properties when irradiated. 

[0036] The term "key ingredient," as used herein, means a component included in a composition of a product that 

is important in identifying the particular product. 
25 [0037] The term "trace compound," as used herein, means a compound that is present in low concentrations (e.g., 

at ppm or ppb levels) in a product. The trace compound can be related, for example, to a particular key ingredient. The 

trace compound can be introduced at the source of the key ingredient or during the manufacture of the product. 

[0038] The invention can include one or more of the following advantages. The method can be used in the distilled 

spirits industry, where trace compounds and key ingredients can be measured using specific light-emissive compounds. 
30 Further, light-emissive compounds that indicate the source of ethanol can be used to determine the authenticity of a 

product. For example, spirits derived from yellow dent corn contain different trace compounds than spirits derived from 

cane sugar. 

[0039] Moreover, although colas, and other soft drinks, contain similar levels of key ingredients, the levels key in- 
gredients can be used to determine whether a particular manufacturer is diluting the concentrate to the appropriate 

35 level. For example, caffeine can be a targeted ingredient for light-emissive compounds in the analysis of soft drinks. 
Additional targets in soft drinks can include, but are not limited to, the high fructose com syrup and the pH. 
[0040] Furthermore, perfumes, fragrances, flavors, foods, and all types of beverages can be fingerprinted, using the 
methods of the invention, without adding any reagents to the product the user is going to consume. An advantage of 
invention is that exogenous product tags need not be added. Instead, native analytes of the product can be assayed. 

40 This is particularly important in determining authenticity of food products, where it is undesirable to add tags which 
could affect taste, odor, consistency and the like and might even be harmful to health when ingested. This is of great 
importance to many companies which are reluctant to adulterate their products. 

[0041] The invention allows accurate light-emissive profiles of products to be determined and monitored without 
altering the product. 

45 [0042] Another advantage of the invention is that it is unnecessary to know or determine the composition of the 
product in order to select light emissive compounds and to develop assays for determining accurately authenticity. 
Thus, it is unnecessary to know or determine the formula for Coca-Cola® or Pepsi® in order to test the authenticity of 
products sold under those trademarks. This is to be contrasted with may infrared methods (e.g., near IR, mid IR and 
Fourier Transform IR), that often result in gathering sufficient information to determine the composition of a product 

so being tested. This advantage of the present invention is of great importance to companies reluctant to identify the 
secret ingredients of their products. 

[0043] A further advantage of the invention is that the use of light-emitting compounds results in a sensitivity level 
that far exceeds the sensitivity levels achievable by the use of Fourier Transform IR methods. 
[0044] Other features and advantages of the invention will be apparent from the following detailed description thereof, 
55 and from the claims. 
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Brief Description of the Drawing 

[0045] Fig. 1 is a drawing that shows the chemical structures of Compounds 1-13. 
[0046] Fig. 2 is a data flow diagram. 

5 

Detailed Description 

[0047] The invention features an automated method for analyzing analytes such as key ingredients and the relative 
amounts of analytes such as key ingredients in products which in turn enables authentication and monitoring products 
10 for fraud and quality control. Particular light-emissive compounds can be used to identify and quantitate the relative 
levels of analytes such as key ingredients in the products. 

[0048] One method for identifying counterfeit or altered products relies on the development of a group of between 
two and seven specific light-emissive compounds for a single product along with specialized automated handling meth- 
ods and new data analysis. These methods can be used to provide a method which is simpler to use than prior tech- 
15 niques and which can be performed rapidly using conventional and generally available equipment. It is a further aspect 
of the invention to provide a technique which gives quantitative measure of the degree to which the product is altered 
or tampered with. It is a further aspect of the invention to provide methods and compounds for identifying key-product 
ingredients. 

[0049] The invention provides a method for determining the relative amounts of analytes in a product by exposing 
20 the products to selected light-emissive compounds present in a light-emissive compound. Analytes are selected so 
that in the presence of the analyte, the compounds can interact with (e.g. partition, intercalate, or bind to) the analytes 
in the aqueous and/or organic liquid fractions of the product. The interaction between the components of the product 
and the light-emissive compound induces a chemical change that can be detected using automated light emissive 
detection systems. Light-emission can include luminescence, fluorescence, or phosphorescence. Fluorescence is de- 
25 scribed, for example, in "Practical Fluorescence," Second Edition, G.G. Guilbault, Editor, Marcel Dekker, Inc., 1990, 
which is incorporated herein by reference. 

[0050] In general, a sample of the product and the light emissive compound are mixed. The light-emissive compounds 
and analytes in the product are allowed to react for a period of time and temperature that is specific for each product 
and light-emissive compound, for example, until light emission from the mixture no longer changes with time. Bandpass 

30 and cutoff filters are used to isolate excitation wavelengths from emission spectra due to light emission from the sample. 
Change in light emission due to the interaction can be determined, from the formula [(Fd-Fp)/Fd]xlOO, where the light 
emission of the light emissive compound in the absence of product is Fp, and the light emission after exposing the 
light-emissive compound to the product is Fd. The light emission changes as a result of interactions of the light-emissive 
compound with analytes in the product. Light emission also can change due to indirect influences, such as quenching 

35 by an ingredient of an adulterated product. 

[0051] The light-emissive compound can include two light-emissive compounds and can be added together in the 
same sample well, if the emission maximum of the dyes is more than 40 nm apart. The wavelength filter must be 
changed for each light-emissive compound being observed. There is no practical limit to the number of light-emissive 
compounds that can be used to demonstrate the specific presence of a particular analyte. The number of light-emissive 

40 compounds can be increased to indicate the specific presence of an ingredient or to rule out possible non-specific 
analysis of closely related compounds. 

[0052] It is possible to determine the authenticity of product if the trace or chemical structure of the analyte or product 
is unknown, preferably by using between three and seven individual light-emissive compounds in the light-emissive 
compound. Using an automated robotics workstation (e.g., the Beckman Biomek 1000), it is possible to combine the 
45 light-emissive compounds in random order with the product standards in a microwell plate. Once a detectable light 
emission pattern is developed for all the standards, a single test product can be added to the same microwell plate (e. 
g., up to 99 standards and 1 single test product). The light emission output of the sample is compared to each of the 
standards on the plate run. In this way, it is possible to determine authenticity without developing a prior record of 
standard light emission levels. 

so [0053] There are many examples of light-emissive compounds that can be included in the light-emissive compound, 
some of which are shown in Fig. 1 (Compounds 1-13). Compound 1 is 5-(2-carbohydrazinomethylthioacetyl)aminoflu- 
orescein. Compound 2 is 5-(4,6-dichlorotriazinyl)aminofluorescein. Compound 3 is Fluo-3 pentaammonium salt. Com- 
pound 4 is proflavine hemisulfate (3,6-dimethylaminoacridine hemisulfate). Compounds is tetra(tetramethylammoni- 
um) salt. Compound 6 is acridine orange hydrochloride hydrate. Compound 7 is BTC-SN. Compound 8 is acriflavine. 

55 Compound 9 is 4-aminofluorescein. Compound 1 0 is 5-aminofluorescein. Compound 1 1 is sulfite blue coumarin. Com- 
pound 12 is courmarin diacid cryptand (CD222). Compound 13 is Eosin Y. 

[0054] Some examples of the liquid products that can be analyzed and the light-emissive compounds that can provide 
distinctive and significant analyses of the products are: alcohol-based products such as neutral spirits, vodka, and 
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tequila that can be analyzed, for example, with Compounds 1 , 2, 3, 4, 5, 6, 7, 8, or 9; sucrose and high fructose based 
products such as soft drinks (e.g., Coca-Cola and Pepsi) that can be analyzed, for example, with Compounds 1 , 2, 3, 
or 9; and infant formulas such as Similac, Carnation, Enfamil that can be analyzed, for example, with Compounds 1 , 
2, 3, or 7. It should be understood that a liquid sample may be obtained from a liquid product or from nonliquid products 

5 (e.g., by dissolving a solid or semisolid, by extraction of a solid and dissolution of the extracted material or the like). 
[0055] The methods of the invention can be used to analyze other liquid products as well as liquid samples derived 
from other products, based on the correct choice of light emissive compounds used in the analysis. For example, light- 
emissive compounds that are amine-containing (e.g., Compound 1) and light-emissive compounds that are reagents 
for modifying amines, alcohols, arginine, guanosine,' and polysaccharides (e.g., Compound 2) can be used in product 

10 authenticity! monitoring and testing of, for example, neutral spirits, distilled spirits, infant formula, or soft drinks. In ad- 
dition, light-emissive chemicals that are calcium indicators (e.g., Compound 3) or are capable of complexing with Cd 2+ , 
Zn 2+ , Pb 2+ and Ba 2+ (e.g., Compound 7) can be used for product authenticity/monitoring testing of neutral spirits, 
distilled spirits, or soft drinks. Light-emissive acridine compounds (e.g., Compound 6) are capable of complexing with 
lipids and fats for product authentication or monitoring of distilled spirits or infant formulas. Light-emissive acriflavine 

15 compounds that interact with alcohols (e.g., Compound 8) are useful for product authentication/monitoring testing of 
neutral and distilled spirits. Light-emissive chemicals that react with primary alcohols, aldehydes or ketones (e.g., 
Compounds 9 and 1 0) are useful for authentication or monitoring of neutral spirits, distilled spirits, or soft drinks. 

Selection of Light-emissive compounds 

20 

[0056] Light-emissive compounds can be selected,, based on one or more of the following properties: (1) a light- 
emissive compound in the composition should interact with an analyte in the product; (2) a light-emissive compound 
in the composition should interact with an analyte in the product in a concentration dependent manner; (3) a light 
emissive compound and the interaction product(s) should be stable and the interaction should be repeatable; (4) similar 

25 lot numbers of the product should interact the same way with the light-emissive compound; and (5) the light-emissive 
compound should interactdifferently with closely related products on the basis of the chemical structures of key ingre- 
dients in the product (e.g., to discriminate between brand names of a product, such as between, for example, Smirnoff 
and Absolute vodkas). In many situations, it is desired that multiple light emissive compounds be identified to authen- 
ticate or monitor a single consumer product. 

30 [0057] To determine a light-emissive compound that can be used in the analysis of a product, the chemical structure 
of analytes in the selected product need not be known, but can be chosen, or assumed to be present in the product. 
At least one analyte is targeted in a particular product. A candidate light-emissive compound can generally be selected 
using the guidelines, described above, along with the information listed in Table 1 and Table 2. The information listed 
in the tables is not intended to be limiting, but provides general information that can be useful in the selection of a light- 

35 emissive compound. Table 1 lists reactive groups in light-emissive compounds that can be useful for identifying par- 
ticular functional groups in a key ingredient of the product. Table 2 lists selected useful initial light emissive compounds. 
The light emission from a sample containing a light-emissive compound (selected according to the guidelines as a 
result of interactions with analytes in the product) can be used to authenticate and monitor products for fraud and 
quality control. 

40 [0058] One preferred method of selection is as follows. A product is selected. The product is diluted until its absorb- 
ance is below 0.02. A plurality of light emissive compounds such as dyes are selected. The dyes are diluted relative 
to one another so that they all will have an emission strength of between 200 and 2000 fluorescence units per ml when 
1 .4 jxl of dye is added to 1 ml of diluted product (typically between .3 and 500 micromolar). A series of dilutions of 
product then are prepared (all being below 0.02 absorbance). This, for example, might be dilutions of product such as 

45 1:10, 1:15, 1:20, 1:25 and 1:30. Dyes are added to these dilutions at 1.4uJ dye/ml diluted product. Dyes also are added 
similarly to (1) an acceptable, but altered, standard (such as a standard diluted only 5%) and (2) an unacceptable, but 
altered, standard (such as a standard diluted by >10%) and (3) a nonauthentic but closely related product (such as 
Pepsi® where the product is Coca-Cola®). Tests are run in quadruplicate. A fingerprint is generated electronically for 
the standard, and an acceptable range which includes the acceptable altered product but excludes the nonacceptable 

50 and nonauthentic products is determined electronically, using software and mathematical formulas such as is described 
below, pre-selecting the confidence limits (e.g. two standard deviations, three standard deviations, etc.) Multiple dyes 
are run simultaneously in 96 well plates which are read automatically. Dyes then are selected based upon their ability 
to distinguish authentic and acceptable products from nonauthentic and nonacceptable products. Further calibration 
can be carried out. First, a test dilution can be selected as that dilution which is 50% of the lowest dilution of product 

55 at which maximum fluorescence for a dye is achieved. Then variables such as temperature, time of incubation and 
unacceptable or nonauthentic products can be varied, preferably measured in quadruplicate, to permit selection of 
dyes useful for a given product. As should be understood, using such screening methodology, panels of dyes for 
producing fingerprint profiles can be selected, without knowledge of the composition of the product or the analytes in 
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the product to which the dye binds. 

Table 1 



light-emissive compound reactive group 


key ingredient functional groups 


activated ester 


amines or anilines 


acyl azide 


amines or anilines 


acyl halide 


amines, anilines, alcohols or phenols 


acyl nitrile 


alcohols or phenols 


aldehyde 


amines or anilines 


alkyl halide 


amines, anilines, alcohols, phenols or thiols 


alkyl sulfonate 


thiols, alcohols or phenols 


anhydride 


alcohols, phenols, amines or anilines 


aryl halide 


thiols 


aziridine 


thiols orthioethers 


carboxylic acid 


amines, anilines, alcohols or alkyl halides 


diazoalkane 


carboxylic acids 


epoxide 


thiols 


haloacetamide 


thiols 


halotriazine 


amines, anilines or phenols 


hydrazine 


aldehydes or. ketones 


hydroxyamine 


aldehydes or ketones 


imido ester 


amines or anilines 


isocyanate 


. amines or anilines 


isothiocyanate 


amines or anilines 



35 

Table 2 



light-emissive compound 


analyte 


acridine orange 




acid alizarin Garnet R 


alcohol 


9-amino acridine 


ethanol 


anthracene 


ethanol 


chlorophyll A 


ethanol/methanol 


chlorophyll B 


methanol 


eosin 




FAD 




indole 




naphthalene 


alcohol 


NADPH 




prolamine 




protoporphyrin I 




pryodoxal 
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Table 2 (continued) 



light-emissive compound 


analyte 


pyridoamine-5-phosphate 




quinacrine 




quinine 




6-methoxyquinoline 




phenanthrene 


alcohol 


resorcinol 




rhodamine 3G (or 6G) 




riboflavin 




salicylic acid 




serotonin 




skatole 




sulfanilic acid 




sodium salicylate 


water 



[0059] Another light-emission tool for product identification is the standard light emission phenomenon called impurity 
2 5 quenching. Even in dilute solutions, impurities can cause measurable quenching of light emission. The specific amount 
of quenching can be exploited to identify a specific lot or batch of a product. See, for example, "Practical Fluorescence," 
G.G. Guilbault, Editor, page 32. It is also possible that the light emission wavelength of the light-emissive compound 
can shift in the presence (or absence) of an ingredient in the product. This shift can be used to quantify the amount of 
ingredient present in the product. 
30 [0060] Regional production differences can be determined using two different methods, one method involves iden- 
tifying compounds of regional specificity from differences in starting materials. Different suppliers of ingredients in a 
product will leave different levels of trace compounds in their supplied materials. Even though these trace compounds 
are present at extremely low levels, the light-emissive compounds are sensitive to a level of parts per million and even 
to parts per billion in some cases. For example, the trace levels of compounds, such as aldehydes and methanol, can 
35 be used to identify different varieties (i.e., suppliers) of sucrose and high fructose corn syrup in fruit and cola consumer 
products. In another example, ethanol distilled from com contains different trace components than ethanol distilled 
from cane sugar. The identification and analysis of these trace elements can be used to detect product authenticity or 
detect backfilling (dilution) of a particular product. 

[0061] A second method of determining regional differences in a product involves analysis of trace elements (or 
40 compounds) in, for example, the water used to dilute the consumer product. The trace elements (or compounds) can 
be used as a specific lot number marker. Specifically, levels of calcium, magnesium and/or heavy metals can be used 
to identify products by "specific lot number water identity." Additionally, a company's processes can result in a detectable 
amount of at least one other trace material that can identify the companies specific product. The identity and quantity 
of the trace materials make it possible to identify the lot number of a specific production run. For example, many colas 
45 have a fixed level of caffeine in the concentrate and in the final product. Light-emissive compounds that indicate caffeine 
concentrations can be developed according to methods described herein. 

[0062] The relative amounts of key ingredients in a sample can be determined by light emission analysis. The light 
emission measurement can be used in combination with other trace light emission analysis to determine authenticity. 
For example, vodka must contain 50% ethanol to legally be called vodka. Additionally, this method can be used to 
50 identify a lot number or batch number or to determine the authenticity of, for example, orange juice, apple juice, or 
lemon juice. 

[0063] The relative amounts of water can be compared in a standard sample standard and a suspect sample using, 
for example, the naphthylamine light-emissive dyes. Sulfonated naphthy I amines, such as 2-p-toludinylnaphthalene- 
6-sulfonate (2,6-TNS) and 1-anitino-8-naphthalenesulfonate (1,8-ANS), shift light emission wavelength in water. The 
55 relative amount of shift depends on the amount of water in a sample. For example, in water, the spectral sensitivity is 
substantially shifted to longer wavelengths, and the light emission quantum yield and decay times decrease. 
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Data Analysis 

[0064] Multi-variant analysis can be used to analyze the light emission results of each product sample with each light 
emissive compound. Typically, the results are interpreted in comparison to light emission from a standard product 
sample treated in the same way, or a "fingerprint." All samples can be analyzed for the presence of key ingredient 
using a light-emissive compound containing a single light-emissive compound or a combination of light-emissive com- 
pounds. The largest and smallest mean values are determined for each set of product samples using four independent 
measurements made of the same sample (n=4). The multiple comparison procedure allows the determination of a 
critical value (e.g., at a 95% confidence level) for the difference between the largest and the smallest sample means, 
which relates to the differences in the respective products. A difference in the sample means, that is equal to or greater 
than the critical value, suggests a significant difference in the products. A significant difference can imply different 
product treatments, starting materials and compositions. 

[0065] Typically, the analysis involves Tukey Multiple Comparison Procedure conducted, e.g., at a 95% confidence 
level (oc=0.05). The Multiple Comparison Procedure assumes that the number of sample means, k, are based on in- 
dependent random samples, each containing the same number of observations, n. I n this case, s, the standard deviation 
is the square root of the mean square errors (MSE) of the sample means. The MSE has a number of degrees of 
freedom, v, associated with it. From k, v, and a, the critical value of the Studentized range, q a (k,v), can be determined 
(see, for example, Biometrika Tables, Vol. 1 , E.L. Pearson and H.O. Harily, eds., Cambride University Press, Cambridge 
(1 966)). It then follows that the distance, omega (co) is 

S 

*> = q B (k, v) 

W 0.5 

[0066] Tukey analysis can allow the identification of sample means that do not match the standard products. If two 
measurements differ by a value greater than omega, then the two samples are different. If not, the samples are pairs 
have substantially similar compositions (i.e., are the same composition, but could be different batches). Each light- 
emissive compound/product sample system can be considered a single variant. Combining the analyses for each of 
the light-emissive compounds together can lead to a multi-variant analysis program that we have developed a software 
program for. That this multi-variant light-emissive product authenticity analysis can be carried out using, for example, 
spread-sheet type computer programs. 

[0067] While Tukey analysis has been described herein, it is to be appreciated that other multi-variant methods of 
analysis may be used. Such alternate methods include, for example, Duncan's multiple range analysis and Newman- 
Kuls analysis, as described in Biostatistical Analysis, 3rd Edition, J. H. Zar, Prentice-Hall, Upper Saddle River, NJ (1 996). 
[0068] Fig. 2 is a data flow diagram representing the overall processing in this system of the invention. Standard 
samples are processed with selected compounds by first processing system 40 to produce light emission results 42. * 
It is possible that these light emission results could be stored in a database 44. Similarly, unknown samples are proc- 
essed by a processing system 46 using the same selected compounds. The processing system 46 produces light 
emission results 48, i.e., a fingerprint for each unknown sample. A comparison procedure is performed by a comparator 
50 to produce an indication of the authenticity of the sample. The comparison can be performed using the Tukey 
multiple comparison procedure described above. This computer may receive the data from the light emission results 
from processing systems 40 and 46 either directly from those systems or over a computer network. The comparator 
also may receive the fingerprint of the standard samples from a database which may be either local to or remote from 
the computer running the comparison procedure. 

[0069] A suitable computer system to implement the comparator 50 typically includes a main unit connected to an 
output device, such as a display, and an input device, such as a keyboard. The main unit generally includes a processor 
connected to a memory system via an interconnection mechanism. The input device is also connected to the processor 
and memory system via the connection mechanism, as is the output device. 

[0070] It should be understood that one or more output devices may be connected to the computer system. Example 
output devices include a cathode ray tube (CRT) display, liquid crystal displays (LCD), printers, communication devices 
such as a modem, and audio output. It should also be understood that one or more input devices may be connected 
to the computer system. Example input devices include a keyboard, keypad, track ball, mouse, pen and tablet, com- 
munication device, audio input and scanner. It should be understood the invention is not limited to the. particular input 
or output devices used in combination with the computer system or to those described herein. 
[0071 ] The computer system may be a general purpose computer system which is programmable using a high level 
computer programming language, such as "C, or "Pascal." The computer system may also be specially programmed, 
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special purpose hardware. In a general purpose computer system, the processor is typically a commercially available 
processor, of which the series x86 processors, available from Intel, and the 680X0 series microprocessors available 
from Motorola are examples. Many other processors are available. Such a microprocessor executes a program called 
an operating system, of which UNIX, DOS and VMS are examples, which controls the execution of other computer 

5 programs and provides scheduling, debugging, input/output control, accounting, compilation, storage assignment, data 
management and memory management, and communication control and related services. The processor and operating 
system define a computer platform for which application programs in high-level programming languages are written. 
[0072] A memory system typically includes a computer readable and writeable nonvolatile recording medium, of 
which a magnetic disk, a flash memory and tape are examples. The disk may be removable, known as a floppy disk 

10 or an optical disk, or permanent, known as a hard drive. A disk has a number of tracks in which signals are stored, 
typically in binary form, i.e., a form interpreted as a sequence of one and zeros. Such signals may define an application 
program to be executed by the microprocessor, or information stored on the disk to be processed by the application 
program. Typically, in operation, the processor causes data to be read from the nonvolatile recording medium into an 
integrated circuit memory element, which is typically a volatile, random access memory such as a dynamic random 

15 access memory (DRAM) or static memory (SRAM). The integrated circuit memory element allows for faster access to 
the information by the processor than does the disk. The processor generally manipulates the data within the integrated 
circuit memory and then copies the data to the disk when processing is completed. A variety of mechanisms are known 
for managing data movement between the disk and the integrated circuit memory element, and the invention is not 
limited thereto. It should also be understood that the invention is not limited to a particular memory system. 

20 [0073] It should be understood the invention is not limited to a particular computer platform, particular processor, or 
particular high-level programming language. Additionally, the computer system may be a multiprocessor computer 
system or may include multiple computers connected over a computer network. 

Materials and Methods 

25 

[0074] The methods were developed to optimize analysis or determine the authenticity or tampering of a product in 
the water and/or organic component of the product. The general methods for using Compounds 1-10 are generally 
described below. 

[0075] A Beckman Biomek 1000 automated workstation (Beckman Instruments, Columbia, MD) was used to make 
30 dilutions and place 150 microliters of the light-emissive compound into a test plate, although any automated dispensing 
workstation can be used. The test plate can be made from any suitable material and can have any number of wells, 
such as 6, 24, 96 or 384 wells (Corning-Costar, Falcon-Collaborative, microwell test plates). The light emission of the 
light emissive compound in the absence of product is Fp, and the light emission after exposing the light-emissive 
compound to the product is Fd. The Fd and Fp light emission analysis for the purpose of these experiments was made 
35 using a Molecular Dynamics Fluorlmager 575, but any microplate reader can be used (e.g., Cytofluor). 

[0076] Bandpass and cutoff filters are used to isolate excitation wavelengths from emission spectra due to light 
emission from the sample. Fd light emission analysis was made for each chemical in each well of the test plate. Rep- 
etition of measurements allows correction for systematic variability due, for example, to automatic pipetting (<5%). 
Next, 150 microliters of product are added to the chemicals in the microwells using the Beckman Biomek 1000 auto- 
40 mated workstation. The chemical and the product are allowed to react for a period of time and temperature that is 
specific for each product and chemical. Change in chemical light emission due to the presence of the product is de- 
termined by calculation using the equation [(Fd-Fp)/Fd]x100. 

[0077] In certain embodiments, an immutable standard, such as a ruby or other precious stone, may be used to 
compensate for variations in the laser output signal intensity. For such embodiments, the immutable standard can be 

^5 placed in one of the wells of the test plate. 

[0078] Compound 1, 5-(2-carbohydrzinomethylthioacetyl)aminofluorescein, was obtained from Molecular Probes, 
Inc., Eugene, OR, Lot 2841 -1 . The final concentration of the working solution can range between 0.5 and 1 0 micromolar. 
Compound 1 has an excitation maximum at 488 nm at neutral pH and 356 nm at pH 8. Compound 1 has an emission 
maximum at 520 nm. See, R.E. Hileman, et al., Bioconjugate Chem. 5:436 (1994) for the synthesis of the compound. 

50 [0079] Compound 2 and Compound 3 should be used in the method together. Compound 2, 5-(4,6-dichlorotriazinyl) 
aminofluorescein, was obtained from. Molecular Probes, Inc., Eugene, OR, Lot 285 1 -1 . A stock solution of Compound 
2 was prepared in dimethyl sulfoxide (DMSO, ACS reagent, Sigma Chemical, St Louis, MO). The final concentration 
of the working solution can range between 0.5 and 10 micromolar. Compound 2 has an excitation maximum at 495.7 
nm and emission maximum at 51 6.3 nm. For a reference that describes the original use of this compound, see, Barskii 

55 et al., Izv. Akad. NuakSSSR, V.E. (1968) PN 101. 

[0080] Compound 3, Fluo-3, pentaammonium salt, was obtained from Molecular Probes, Inc., Eugene, OR, Lot 
2641-6. The final concentration of the working solution can range between 0.5 and 1 0 micromolar. Compound 3 has 
an excitation maximum at 510 nm and emission maximum at 530 nm. Fluo-3 was developed for measuring calcium 
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levels in cellular experiments. See, for example, Tsien, R., et al., J. Biol. Chem. 264:8171(1989). 
[0081] Compound 4, proflavine hemisulfate (3,6-diaminoacridine hemisuffate) was obtained from Sigma-Aldrich, St. 
Louis, MO. The final concentration of the working solution can range between 0.5 and 10 micromolar. Compound 4 
has an emission maximum at 515 nm in methanol. Proflavine was developed as a fabric dye and for cell staining 

5 procedures. See, for example, Chan, L.M., et al., Biochem. Biophys. Acta, 204:252 (1970). 

[0082] Compound 5, tetra(tetramethylammonium) salt, was obtained from Molecular Probes, Inc., Eugene OR. The 
final concentration of the working solution can range between 0.5 and 20 micromolar, depending on the product tested. 
Compound 5 has an excitation maximum at 488 nm and an emission maximum around 535 nm. Compound 5 was 
developed at Molecular Probes as Sodium Greenlm for the fluorometric determination of Na+ concentrations. 

10 [0083] Compound 6, acridine orange hydrochloride hydrate, obtained from Sigma-Aldrich, St. Louis, MO. The final 
concentration of the working solution can range between 0.5 and 20 micromolar. Compound 6 has an excitation max- 
imum at approximately 490 nm and emission maximum at 519 nm. Compound 6 can be used for printing inks and as 
a stain for fats and lipids in biological samples. See, for example, Clark, G:, "Staining Procedures*" ed. Williams and 
Wilkins, Baltimore 1981 pp. 48, 57, 61 , 71, 72, 86, 87, 89, 90, and 429. 

is [0084] Compound 7, BTC-5N (Costlei et al., J. of Chem. Society Perkins translation 2, p. 1615), was obtained from 
Molecular Probes, Inc., Eugene, OR. The final concentration of the working solution can range between 0.5 and 20 
micromolar. Compound 7 has an excitation maximum at approximately 415 nm and an emission maximum at 515 nm. 
[0085] Compound 8, acriflavine, is composed of an approximate 8 to 1 mixture of 3,6-diamino-1 0-methylacridinium 
chloride and 3,6-diaminoacridine, and was obtained from Sigma-Aldrich, St.-Louis, MO. The working solution concen- 

20 tration can range between 0.5 and 20 micromolar, depending on the product tested. Compound 8, in its neutral form, 
has an excitation maximum in ethanol at 483 nm and an emission maximum at 517 nm with a long-lasting emission 
state that can be used to identify the relative levels of ethanol in a sample. The long-lasting emission in ethanol is noted 
by Furumoto, H.W. and Ceccon, H.L., IEEE J. Quantum Electron., QE-6, 262, (1970). Compound 8 is an ordinary 
biological stain and is useful as a light-emissive compound and a Schiff reagent. See, for example, "Conn's, Biological 

25 Stains," 9th ed.: Lillie, R.D., Ed.; Williams and 25 Wilkins: Baltimore, 1 977; p. 355. 

[0086] Compound 9, 4-aminofluorescein, was obtained from Sigma-Aldrich, St. Louis, MO. The working solution 
concentration can range between 0.5 and 20 micromolar, depending on the product tested. Compound 9 has an ex- 
citation maximum at 496 nm and an emission maximum at 530 nm. See, for example, Coons, A.H., et al., J. Exp. Med. 
91:1-14(1950). 

30 [0087] Compound 1 0, 5-aminofluorescein, obtained from Sigma-Aldrich, St. Louis, MO, was used in a similar manner 
and at similar concentrations as Compound 9. The emission is at 530 nm. Glabe et al, Anal. Biochem, 130:287-294 
(1983). 

[0088] Compound 1 1 , sulfite blue coumarin, S-6902, was obtained from Molecular Probes, Eugene, OR. Compound 
11 has an excitation maximum at 325 rm and an emission maximum at 373 nm. Compound 11 can be useful for 
35 measuring sulfites. Sulfite contamination in high fructose corn syrup is a problem well known in the corn processing 
and milling industry. 

[0089] Compound 12, courmarin diacid cryptand (CD222) (Costlei et al., J. of Chem. Society Perkins translation 2, 
p.1615), was obtained from Molecular Probes, Eugene, OR. Compound 12 is a ratio dye with an excitation maximum 
at 365 nm and emission maximum at 465 nm. Compound 12 is a potassium sensitive dye, enabling authentication 
40 based potassium benzoate, a preservative in many cola drinks. 

[0090] Compound 13, Eosin Y, was obtained from SigmaAldrich, certified Grade, St. Louis, MO. Compound 13 has 
an excitation maximum at 522 nm and an emission maximum at 551 nm. Compound 1 3 is a pH-sensitive light-emissive 
compound. 

45 Example 1 -Neutral Spirits 

[0091] .The analysis methods of the invention can be used in the wine and distilled spirits industry to determine 
product authenticity, defend international trademarks, document product quality, and detect product backfilling (i.e., 
dilution with lower quality ingredients). In this industry, the origin and source of the ethanol in a product can be used 
50 to determine product authenticity. The product label must correctly represent the contents in a manufacturer's bottle. 
Previously, there was no practical method for determining the source of ethanol or neutral spirits (96% ethanol). 
[0092] A double blind experiment was conducted to determine the differences between 6 neutral spirits samples. In 
addition, if there were duplicates, the experiment was designed to identify the duplicates. 

[0093] The neutral spirits product origins can be identified from the data presented in Table 3 and Table 4. Referring 
55 to Table 3, the level of light emission upon excitation was monitored in an array of six samples (10-1,1 0-2, 1 0-3, 1 0-4, 
10-5, and 10-6) that were each tested four times (A, B, C, and D) with a pair of light-emissive compounds. Within each 
set, each sample of the product was tested four times with a light-emissive compound. The excitation wavelength was 
522 nm. The light-emissive compounds were Compound 2 and Compound 3. 
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[0094] Stock solutions of the light-emissive compounds were prepared by dissolving Compound 2 in DMSO at a 
concentration of 2 mM and Compound 3 in DMSO at a concentration of 1mM. 

[0095] The concentrations of the working solutions of light-emissive compounds were optimized against known sam- 
ples of neutral spirits. The optimum concentrations were determined from the concentrations of light-emissive com- 
pounds that provides emission intensities that are capable of discriminating known neutral spirits samples from other 
samples by a value greater than omega. The working solution of Compound 2 was prepared by diluting 120,uL of the 
stock solution dye in 20 mL of distilled water. The working solution of Compound 3 was prepared by diluting 1 00 of 
the stock solution in 20 mL of distilled water. 

[0096] Both Compound 2 and Compound 3 require a 530BP+15 nm band pass filter to reduce the excitation wave- 
length intensity during the emission measurements. The intensity of the emission was measured in relative fluorescence 
units 
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(rfu). The emission measurements are always made in the region of linear response, which on this fluorescence meas- 
uring instrument is made between 200 and 2000 rfu. 

[0097] Each working solution (150 ul) was added to the test plate using an automated handling device with less 
than 5% error in volume measurement. The working solution/plate combination was measured for background fluo- 
rescence to account for variability in composition, plate dimensions, and laser output. Excitation and emission exper- 
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iments can be run on any laser or non-laser fluorescence detection system. In this set of experiments the measurements 
were made using a Fluorlmager 575 (Molecular Dynamics, Sunnyvale, CA). 

[0098] The neutral spirits samples were added directly to the sample plate. A key discovery in analyzing neutral 
spirits (96% ethanol) is that the analysis of the residual water is important. The signal from Compound 3 is designed 

5 to analyze the residual water. However, the high concentrations of ethanol in the samples masks the signal from the 
water. For this identification method to work well, the ethanol is removed under vacuum from the samples after they 
have been added to the individual microwells of the plate. This reduction allows the exact analysis of the water in the 
neutral spirits samples. Since the reduction takes place directly on the microwell plates, all samples are treated equally 
and the process is automated by placing a vacuum bell on the automated plate-handling work station. 

w [0099] The results of the experiment are presented in Table 3. Variance and mean were calculated for each group 
(A, B, C, or D) of 4 measurements. The 95% confidence levels were used for this fingerprint analysis. If two sample 
means differ by an amount greater than the omega, the samples are different (i.e., substantially different in composition). 
For example, in test A, sample 1 0-1 had a mean light emission intensity of 0.2357 and sample 1 0-2 had a mean light 
emission intensity of -0.5495. The difference in light emission intensity was 0.7852. The omega for test A was 

15 0.0354918. If the difference (0.7852) is greater than omega (0.0354918) for any two samples, then the samples are 
different. Therefore, 1 0-1 and 1 0-2 are different. The comparison is made based strictly on the statistical data and can 
be done automatically, without the need for further interpretation. 

[01 00] The fingerprint data are presented in Table 4 to make all possible comparisons. A value of 1 in Table 4 indicates 
that the two sample means differ by more than omega. The value of 0 indicates that two samples do not differ by more 

20 than omega. Thus, a value of 0 signifies that the samples are pairs (i.e., substantially similar in composition, such as 
different batches or lots) or that the sample tested against itself (along the upper left-to-lower right diagonal of Table 
4) and a value of 1 sighifies that the samples are different. When sample pairs are consistently different, the samples 
are determined to have substantially different compositions (i.e., different brands altogether). As a result of the finger- 
printing analysis in Table 4, products 1 0-1 and 1 0-6, 1 0-2 and 1 0-5, and 1 0-3 and 1 0-4 were determined to be pairs (i. 

25 e ., substantially similar in composition) that are different from each other (i.e. .different lots). 

Example 2 -Distilled Spirits 

[0101] In a manner similar to that described in Example 1 , it is possible to authenticate distilled spirits, such as vodka. 
30 For this fingerprint analysis, Compound 1, Compound 2, Compound 3, Compound 4, Compound 5, Compound 6, 
Compound 7, and Compound 8 can be used. 

[0102] The stock solution of Compound 1 was 1.5 mM in a 1 :1 DMSO/water mixture. The stock solution of Compound 
2was2mM in DMSO. The stock solution of Compound 3 was 0.5 mM ina 1:1 DMSO/water mixture. The stock solution 
of Compound 4 was 1 mM in DMSO. The stock solution of Compound 5 was 1 mM in distilled water. The stock solution 

35 of Compound 6 was I mM in DMSO. The stock solution of Compound 7 was 1 mM in distilled water. The stock solution 
of Compound 8 was 4 mg/mL in ethanol (chromatography grade, Sigma Chemical Company, St. Louis, MO). 
[01 03] Working solution concentrations were determined as in Example 1 . The optimum concentration of light-emis- 
sive compound was determined to be the level that allows discrimination of known samples haying value differences 
greater than omega. The working solution of Compound 2 was prepared by diluting 120 u.L of the 2mM stock solution 

40 in 20 mL of distilled water The working solution of Compound 3 was prepared by diluting 1 00 u,L of the stock solution 
in 20 mL of distilled water. The working solution of Compound 4 was prepared by diluting 1 00 u± of the stock solution 
in 50 mL of distilled water. The working solution of Compound 5 was prepared by diluting 75 \iL of the stock solution 
in 50 mL of distilled water. The working solution of Compound 6 was prepared by diluting 50 mL of the stock solution 
in 50 mL of ethanol. The working solution of Compound 7 was prepared by diluting 25 uL of the stock solution in 50 

45 ml of distilled water. The working solution of Compound 8 was prepared by diluting 50 u.L of the stock solution in 50 
mL of distilled water. Compounds 1 , 2, 3, 4, 5, 6, and 8 require a 530BP+1 5 rm band pass filter to reduce the excitation 
wavelength intensity during emission measurements. Compound 7 requires the use of a 515 nm Long Pass filter (LP). 
[0104] Each working solution (150 uX) was added to the test plate using an automated handling device with less 
than 5% error in volume measurement as in Example 1 . The distilled spirits (vodka) samples were analyzed as de- 

50 scribed in Example 1 . 

Example 3 -Carbonated Drinks and Fruit Beverages 

[0105] The analysis methods of the invention can be used in the soft drink and fruit juice industry, particularly to 
55 check third party re-formulations in every lot to monitor licensing agreements, for example. The analysis speed needed 
to check samples of this type should be faster than 300 samples/hour. This was not a double blind test. 
[0106] Product formulations can be verified by methods similar to those described in Example 1 . The fingerprint is 
the same when the product is produced to the same high quality of standards. Referring to Table 5, light emission was 
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monitored in an array of six samples (Pepsi 1 , Pepsi 2, Diet Pepsi 3, Coke Classic 4, Diet Coke 5, and Black Cherry 
6) that were each tested four times with the four different light-emissive compounds (A, B, C, and D). Test A used 
compound 1. Test B used Compound 2. Test C used Compound 3. Test D used Compound 9. Each sample of the 
product was tested four times with each light-emissive compound. 
5 [01 07] The test methods were generally conducted in the following manner. The beverages or juices were diluted 1 : 
1 0 to 1 :300 with water for optimum reaction with the light emissive compounds. The optimum response of the sample 
is determined empirically, by using a concentration curve to maximize emission response. The sample concentration 
was selected to give one-half of the maximum emission response with the tested sample. 
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[0108] Stock solutions of the light-emissive compounds were prepared by dissolving Compound 1 at a concentration 
of 1 .5 mM in 1 :2 DMSO/water, Compound 2 at a concentration of 2 mM in DMSO, Compound 3 at a concentration of 
1 mM in DMSO, and Compound 9 at a concentration of 10 mM in DMSO. 

[01 09] The concentrations of working solutions of light emissive compounds were optimized as described in Example 
s 1 . Optimum concentrations were calculated from the concentrations of light-emissive compound that provide emission 
intensity values that can discriminate a standard product sample from other the unknown samples by a value greater 
than omega. The working solution of Compound 1 was prepared by diluting 75 u.L of the stock solution in 50 ml_ of 
distilled water. The working solution of Compound 2 was prepared by diluting 120 u.L of the stock solution in 20 mL of 
distilled water. The working solution of compound 3 was prepared by diluting 1 0OuL of the stock solution in 20 mL of 
10 distilled water. The working solution of Compound 9 was prepared by diluting 50 u.L of the stock solution in 50 mL of 
distilled water. 

[01 10] Compounds 1 , 2, 3, and 9 require a 530BP±1 5 nm band pass filterto reduce the excitation wavelength intensity 
during the emission measurements. The sample placement and emission analysis was earned out as described in 
Example 1 . 

'5 [0111] The results of the experiment are presented in Table 5. There were four different measurements (A, B, C, and 
D) made for each sample in combination with each light-emissive compound. Each measurement was repeated four 
times to demonstrate the level of reproducibility. Variance and mean were calculated for each group of 4 measurements. 
The 95% confidence levels were used for this fingerprint analysis. If two sample means differ by an amount greater 
than omega, the samples are different (i.e. substantially similar in composition). For example, in the test with light- 

20 emissive compound D, sample Pepsi 1 had a mean light emission of 8.9944 and sample Pepsi 2 had a mean light 
emission of 9.1 055. The difference in light emission was 0.1111. The omega for the test was 0.3232988. If the difference 
(0.1111) is greater than omega for any two samples, then the samples are substantially the same. Therefore, Pepsi 1 
and Pepsi 2 are substantially the same. 

[0112] The fingerprint data are presented in Table 6 to make all possible comparisons and are established in the 
25 same manner as in Example 1 . As a result of the fingerprinting analysis in Table 6, Pepsi 1 and Pepsi 2 are pairs, with 
similar compositions, and the other samples are not related. 

Example 4-One-step analysis of Beverages 

30 [0113] The methods of Example 3 can be modified to monitor key ingredients in beverages. Importantly, it was dis- 
covered that the key ingredients that are currently measured by standard analytical methods for authenticity monitoring 
can also be measured by the methods of automated emission measurements of the invention. In other words, there 
are some ingredients inherent to certain products that have characteristic light-emission properties. The methods can 
be used to analyze these components in a single-plate analysis with the all the light-emissive compounds combined 

35 together, thereby allowing modification and automation of the method into a simple; one-step inexpensive emission 
scan. 

[01 14] Standard ingredients that are monitored in colas are, for example, high fructose corn syrup (HFCS)I caffeine, 
potassium benzoate, sodium benzoate, pH, and aspartame. Two combinations of light-emissive Compounds have 
been developed for the analysis of colas. Combination 1 allows monitoring of sugar (or HFCS) sources, caffeine, pH, 
40 and preservatives (such as potassium or sodium benzoate). combination 1 is useful for analyzing ordinary carbonated 
beverages. Combination 2 is tailored for the analysis of diet carbonated beverages and allows monitoring of aspartame, 
caffeine, pH, and preservatives. The Combinations are designed to detect changes in specific ingredients from at 0.1 , 
0.3, 0.5, 1 , 2, and 3 percent reduction levels. 

[0115] Combination 1 includes Compound 1 , Compound 3, and Compound 11 for the analysis of sugar (or HFCS). 

45 Caffeine is a light-emissive compound alone and does not require addition of another component to the mixture. The 
common preservatives, potassium and sodium. benzoate; can be identified using a number of light-emissive com- 
pounds. For example, Compound 1 2 is a potassium sensitive dye. The carboxylic acid on the benzoate group is reactive 
with all alkyl halide, carbodimide, and alcohol containing light-emissive compounds (see Table 1). The pH can be 
determined using any pH-sensitive light-emissive compound that emits in range from of pH from 1 -4 (most soft drinks 

50 range in pH from 2.4-4.0). A specific example of a pH-sensitive light emissive compound is Compound 13. 

[0116] Stock solutions of the light-emissive compounds were prepared by dissolving Compound 1 at a concentration 
of 1 .5 mM in a 1 :1 DMSO/water mixture, Compound 3 at a concentration of 0.5 mM in 1 :1 mixture of DMSO/water, 
Compound 11 at a concentration of 10 mM in ethanol, Compound 12 at a concentration of 10 mM in DMSO, and 
Compound 13 at a concentration of 10 mM in distilled water. 

55 [01 17] The working concentrations were optimized for identification of key ingredients for each soft drink beverage 
product, as described in Example 1 . The working solution of Compound 1 was prepared by diluting 75 ul of the stock 
solution in 50 mL of distilled water. The working solution of Compound 3 was prepared by diluting 100 u,L of the stock 
solution in 20 mL of water. The working solution of Compound 11 was prepared by diluting 50 u.L of the stock solution 
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in 50 mL of distilled water. The working solution of Compound 12 was prepared by diluting 50 u.L of the stock solution 
in 50 mL of distilled water. The working solution of Compound 1 3 was prepared by diluting 50 u.L in 1 00 mL of distilled 
water. 

[0118] Caffeine (anhydrous; Sigma Reference Standard Product IC-1 778) was used as a standard in a caffeine-free 
beverage (product specific) as an internal calibration standard for the presence of caffeine. Caffeine has excitation 
maxima at 254 nm and 330 nm and an emission maximum at 350 nm. 

[0119] Compound 1 and Compound 3 both require a 520BP±15 nm band pass filter. Caffeine requires a 345LP nm 
long pass filter. Compound 1 1 requires a 365B+1 5 band pass filter. Compound 1 2 requires a 460BP+6.8 nm band pass 
filter. Compound 13 requires a 550BP+15 nm band pass filter. 

[0120] Combination 2, for analyzing diet carbonated beverages is essentially the same as Combination I except that 
Compounds 1 , 3, and 11 are replaced by light-emissive compounds that indicate the relative presence of aspartame. 
These include light-emissive compounds that react, or interact, with carboxylic acid groups and amine groups. See 
Table 1 for examples. 

Example 5-lnfant Formulas 

[0121] The methods of the invention can be used in the infant formula industry as for product authentication. In 1 995, 
a counterfeit-labeled version of infant formula was illegally distributed to grocery chains in 16 states. Authenticating 
infant formula on shelves can help assure formula customers that a product is authentic and reliable, Using the methods, 
one can insure that the product at the source matches the product at the destination. In addition, it can be possible to 
detect product tampering by, fingerprint analysis. 

[0122] Product formulations can be verified by methods similar to those described in Example 1 . The fingerprint is 
the same when the product is produced to the same high quality of standards. Referring to Table 7, light emission was 
monitored in an array of six samples (Gerber, Similac liquid, Similac powder, Carnation Follow-Up, Enfamil, and a 
powdered milk standard) that were each tested four times with a light-emissive compound. The light-emissive com- 
pound included Compound 1 , Compound 2, Compound 3, and Compound 7. 

[0123] The samples were prepared by diluting the infant formulas with distilled water according to manufacturer 
instructions (e.g., 8.5 grams in 60 mL of distilled water). The resulting solutions were further diluted by a factor of 1 000, 
and filtered using a Millipore 0.22 /Lm sterile syringe filter. The filter samples were used directly in the analyses. 
[01 24] Stock solutions of the light-emissive compounds were prepared that contained Compound 1 at a concentration 
of 1 .5 mM in a 1 :2 DMSO/water mixture, Compound 2 at a concentration of 2 mM in DMSO, Compound 3 at a con- 
centration of 1 mM in DMSO, and Compound 7 at a concentration of 1 mM in distilled water. 
[0125] Working solution concentrations were determined as described in Example 1 . The working solution of Com- 
pound 1 was prepared by diluting 75 ±L of the stock solution in 20 mL of distilled water. The working solution of Com- 
pound 2 was prepared by diluting 120 uX of the stock solution in 20 mL of distilled water. The working solution of 
Compound 3 was prepared by diluting 1 00 u± of the stock solution in 20 mL of distilled water. The working solution of 
Compound 7 was prepared by diluting 25 ul of the stock solution in 50 mL of distilled water. 

[0126] Compounds 1, 2, 3, and 7 require a 530BP±15 nm band pass filter to reduce the excitation wavelength 
intensity in the emission measurement. The analysis was conducted as described in Example 1 . The diluted and filtered 
samples were added directly to the dyes and the emission measured. 

[0127] The results of the experiment are presented in Table 7. There was one measurement made for each sample 
in combination with the light-emissive compound. Each measurement was repeated four times to demonstrate the 
level of reproducibility. Variance and mean were calculated for each group of 4 measurements. The 95% confidence 
levels were used for this fingerprint analysis. The analysis is similar to that described in Examples 1 and 2. 
[0128] For example, the Gerber sample had a mean light emission of -0.2049 and the Similac sample had a mean 
light emission of -0.1 941 . The difference in light emission was 0.01 08. The omega for the test was 0.044. If the difference 
(0.01 08) is less than omega for any two samples, then the samples are substantially the same. Therefore, the products 
are substantially the same. The fingerprint data are presented in Table 8 to make all possible comparisons and are 
established in the same manner as in Example 1. As a result of the fingerprinting analysis in Table 8, the Gerber, 
Similac and Enfamil samples are the same. However, the Carnation and Standard are different. The Standard is Car- 
nation Evaporated Milk. 



Table 7 





Gerber 


Similac 


Lq Similac 


PwCarnation 


Enfamil 


Standard 


Meas. 1 
Meas. 2 


-0.2022 
-0.2025 


-0.1912 
-0.2061 


-0.2109 
-0.2102 


-0.3088 
-0.3196 


-0.2143 
-0.1511 


-0.1022 
-0.1154 
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Table 7 (continued) 





Gerber 


Similac 


Lq Similac 


PwCarnation 


Enfamil 


Standard 


Meas. 3 
Meas. 4 
Variance: 
Mean: 


-0.1988 
-0.2159 
5.708E-05 
-0.2049 


-0.1814 
-0.1979 
0.0001094 
-0.1942 


-0.2410 
,0.1926 
0.0004035 
-0.2137 


-0.3037 
-0.3162 
5.163E-05 
-0.3121 


-0.2493 
-0.2005 
0.0016566 
-0.2038 


-0.1094 
-0.1155 
3.968E-05 
-0.1106 


MSE = 


0.0195 < 


DMEGA= 0.044 
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Gerber 


Similar 


Lq Similar 


Pw Carnation 


Enfamil 


Standard 


Gerber 


0 


0 


0 


1 


0 


1 


Similac Lq 


0 


0 


0 


1 


0 


1 


Similac Pw 


0 


0 


0 


1 


0 


1 


Carnation 


■ 1 


1 


1 


0 


1 


0 


Enfamil 


0 


0 


0 


1 


0 


1 


Standard 


1 


1 


1 


0 


1 


0 



Claims 

1. A computer database for storing and making available information about light emission of an authentic product, 
the database comprising: 

a computer-readable medium having computer- readable logic stored thereon, wherein the computer-readable 
logic comprises a plurality of records for the authentic product indicating measurements of intensity of light 
emitted by samples of a plurality of mixtures of the authentic product with a component, and an indication of 
the component and/or the product; and 

means for accessing the computer-readable medium using an indication of the component and/or the product 
to retrieve the records. 

2. The computer database of claim 1 , wherein the computer-readable logic that comprises a plurality of records for 
the authentic product indicating measurements of intensity of light emitted by samples of a plurality of mixtures of 
the authentic product with a component comprises a computer-readable logic comprising a plurality of records for 
the authentic product indicating measurements of intensity of light emitted by samples of a plurality of mixtures of 
the authentic product with a fluorescent, phosphorescent, or luminescent component. 

3. The computer database of any of the preceding claims, wherein the computer-readable logic that comprises a 
plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of a 
plurality of mixtures of the authentic product with a component comprises a computer-readable logic comprising 
a plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of 
a plurality of mixtures of the authentic product with caffeine. 

4. The computer database of any of the preceding claims, wherein the computer-readable logic that comprises a 
plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of a 
plurality of mixtures of the authentic product with a component comprises a computer-readable logic comprising 
a plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of 
a plurality of mixtures of the authentic product with a fluorescent dye. 

5. The computer database of any of the preceding claims, wherein the computer-readable logic that comprises a 
plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of a 
plurality of mixtures of the authentic product with a component comprises a computer-readable logic comprising 
a plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of 
a plurality of mixtures of the authentic product with at least one fluorescent, phosphorescent, or luminescent com- 
ponent, wherein a light-emissive compound reacts with the samples or a standard to yield the at least one fluo- 
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rescent, phosphorescent, or luminescent component. 

The computer database of any of the preceding claims, wherein the computer-readable logic that comprises a 
plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of a 
plurality of mixtures of the authentic product with a component comprises a computer-readable logic comprising 
a plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of 
a plurality of mixtures of the authentic product with a component wherein the product has an unknown chemical 
composition. 

The computer database of any of the preceding claims, wherein the computer-readable logic that comprises a 
plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of a 
plurality of mixtures of the authentic product with a component comprises a computer-readable logic comprising 
a plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of 
a plurality of mixtures of the authentic product with a component wherein the samples comprise an analyte of 
unknown chemical structure. 

The computer database of any of the preceding claims, wherein the computer-readable logic that comprises a 
plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of a 
plurality of mixtures of the authentic product with a component comprises a computer-readable logic comprising 
a plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of 
a plurality of mixtures of the authentic product with a component, wherein the samples comprise an analyte other 
than an exogenous product tag present with the product. 

The computer database of any of the preceding claims, wherein the computer-readable logic that comprises a 
plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of a 
plurality of mixtures of the authentic product with a component comprises a computer-readable logic comprising 
a plurality of records for the authentic product indicating measurements of intensity of light emitted by samples of 
a plurality of mixtures of the authentic product with a component, wherein the authentic product is a liquid con- 
sumable product. 
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Compound 3 Compound 4 




Compound 5 
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